Parallel with the rapid growth of wireless technology and potentials of mobile learning for language teaching/learning, employing mobile devices in language learning seems indispensable. To this end, designing learning materials suitable for different types of mobile devices regarding dual coding (DCT) and cognitive load (CLT) theories seems inevitable. In this study, multimedia were employed for designing two types of learning materials. Since short-term memory plays an important role in language learning, learners' visual and verbal short-term memories were taken into consideration, too. 161 L2 Learners aged 19 and 23 years old participated in the major phases of an experiment via personal digital assistant (PDA). Based on their scores on the English vocabulary recognition and recall (EVRR) tests and the statistical analysis of the results, it was revealed that delivery of learning materials with pictorial and written annotations combined rather than delivery of learning materials without such annotations to learners with high-visual and high-verbal abilities, learners with high-visual but low-verbal ability, and learners with low-visual but high-verbal ability results in better vocabulary learning outcomes. However, this was not the case for learners with low-visual and low-verbal abilities. This study acknowledges the relation between STM and the relevant modalities of materials presentation.
Introduction
Among all mobile devices such as cell-phones, Personal Digital Assistants (PDAs), smart phones, etc., cell-phones are probably the most popular and widely used all over the world (Cui & Wang, 2008) . The United Nations (2010) reported that some 4.6 billion people are now cell-phone subscribers, indicating that 67 percent of all the people in the world are affected. Now cell-phone has not only become an entertainment device (featuring functions such as camera, FM and MP3 players, etc.) but also allows users to access the Internet, Personal Digital Assistant (PDA) functions and has video conferences using the state-of-the-art 3G (third generation of mobile phones) network.
However, advances in the application of mobile technologies in language learning and teaching necessarily involve, in the early phases, a challenging process of trial and error, as teachers seek to incorporate new technologies into their students' already complex language-learning lives (Conacher, 2009 ). According to Bull and Kukulska-Hulme (2009) , there is a large body of research on second language learning, but often much of the relevant theory and empirical findings are overlooked by developers of language learning technology support. Chen, N.-S., Hsieh, and Kinshuk (2008) quoting Alavi and Leidner (2001) reported that a majority of previous studies have mainly relied on the stimulus-response theory, which probes only the relationship between information technologies (stimulus) and learning outcome (response); future studies should also take learner's characteristics into consideration in assessing the learning outcome of technology-mediated learning. They also pointed out that the Psychological Learning Process (PLP) of learners is an important mediator that cannot be neglected.
Information is cognitively processed through visual or verbal channels (Jones 2004; Mayer, 1979 Mayer, , 2005 Paivio, 1986) . The basic architecture of information processing model is the Multi-store model (Atkinson & Shiffrin, 1968) which consists of three types of memory: Sensory, Short-Term (STM), and Long-Term (LTM). There are studies about relation between vocabulary acquisition and verbal short-term memory (Gupta & Mac Whinney, 1977; Greffe, Linden, Majerus, & Poncelet, 2005) .
Working memory is a more contemporary term for short-term memory which conceptualizes memory not as a passive system for temporary storage but as an active system for temporarily storing and manipulating information needed in the execution of complex cognitive task (e.g., learning, reasoning, and comprehension) (Richards & Schmidt, 2002) .Working memory is heavily involved in language learning (Ellis, 1996) . In addition, according to Numminen (2002) working memory is an especially significant memory area for learning to read. Also, in second or foreign language learning, different learners may prefer different solutions to learning problems. For example, some may want explanations for grammatical rules others may not need explanations. Some may feel that writing down words or sentences helps them to remember them. Others may find that they remember things better if they are associated with pictures. These are called differences of cognitive style (Richards & Schmidt, 2002) .
In designing learning material for PDAs, the application of multimedia seems useful through which, not only could different types of learning materials in the form of annotations be delivered to learners with different cognitive styles but also the limitation of screen size of PDAs could be solved to some extent.
Research on second language (L2) vocabulary acquisition has revealed that words associated with actual objects or imagery techniques are learned more easily than those without. With multimedia application, it is possible to provide, in addition to traditional definition of words, different types of information, such as pictures and videos (Chun & Plass, 1996) . The presence of both pictorial and written cues can facilitate learning, in particular when the corresponding visual and verbal representations are contiguously present in working memory (Mayer 2002 (Mayer , 2003 . According to Jones (2004) , researchers have long been interested in examining the effects of pictorial and verbal cues on L2 vocabulary learning, and have found that processing supportive information such as pictures or translations enhance language learning.
It seems suitable to take into consideration those aspects and theories such as cognitive theory of multimedia and cognitive load theory in applying multimedia in designing learning materials. The case for multimedia is based on the fact that instruction messages should be designed in the light of how human mind works (Mayer, 2005, p.54) .
According to cognitive theory of multimedia learning which examines how people process separate channels for processing verbal and visual material (dual-channels assumption), each channel can process only small amount of material at a time (limited capacity assumption), and meaning learning involves engaging in appropriate cognitive processing (Mayer, 2005, p. 54) . (Mayer, 2005, p. 54) Cognitive load theory could have many implications in the design of learning materials which must, if they are to be effective, keep cognitive load of learners at a minimum during the learning process. In essence, cognitive load theory proposes that since working memory is limited, learners may be bombarded by the information and, if the complexity of their instructional materials is not properly managed, this will result in a cognitive overload. This cognitive overload impairs the schema acquisition, later resulting in lower performance (Sweller, 1988) .
To those ends this study has attempted to explore how learners' cognitive orientations can respond to different types of learning materials (i.e., with annotations vs. no annotation). In short, this study intends to investigate the specificity of L2 learners' STM abilities under different conditions of delivery of learning materials.
Research questions
Taking Dual-Coding Theory and Cognitive Load Theory into consideration and referring to the explanations made above, this study is going to discover how visual and verbal abilities of learners come into interaction with the learning of foreign language vocabulary presented through different types of annotations, i.e., no annotation, pictorial and written annotations. Thus, the following general question can be raised:
1. Is there any significant difference in learning L2 vocabulary if learning materials with pictorial and written annotations combined and those without such annotations are delivered to learners with different visual and verbal STM abilities?
It must be noted that the general question can be broken down to a number of corollaries in order to capture the following interactional effects:
1. a. High verbal vs. high visual in relation to both pictorial and written annotation based learning vs. no annotations;
1. b. Low verbal vs. high visual in relation to pictorial and written annotations vs. no annotations;
1. c. Low verbal vs. low visual in relation to both pictorial and written annotation based learning vs. no annotations;
1. d. High verbal vs. low visual in relation to both pictorial and written annotation based learning vs. no annotations.
Hypotheses
In line with CLT, DCT, and the general research question, the following general hypothesis can be formulated:
Learners with different visual and verbal abilities learn learning materials with pictorial and written annotations better than those without such annotations.
Method

Participants
The participants in this experiment were selected from among those enrolled in EFL classes in an Iranian English institute. They were selected from 12 classes at the same level (i.e., pre-intermediate level). Their age range was between 19-23. Although the minimum large sample size criterion was 25, and thus for the present study the minimum sample size of 100 (25×4=100) was sufficient, in order to complete the groups (John Eng, 2003) 161 learners were selected. Three learners were reluctant to learn vocabulary via mobile, so their data were removed from the study leaving a total of 158. Each learner had a different STM ability for processing different LCR (Learning Content Representation) types, that is; LCR with or without pictorial or written annotations (Chen, Group 1 (G1): learners with high-visual and high-verbal abilities.
Group 2 (G2): learners with high-visual but low-verbal ability.
Group 3 (G3): learners with both low-visual and low-verbal abilities.
Group 4 (G4): learners with low-visual ability but high-verbal ability. Table 1 represents these four groups. Table 1 . Four groups of learners based on their visual and verbal abilities (adopted from 
Materials
The materials used in this study were: a) proficiency test, b) vocabulary level test, c) a background questionnaire, d) software package, e) visual and verbal STM tests, and f) English vocabulary recognition and recall tests.
First, to make sure that the participants were all of the same level of proficiency, they were required to participate in Nelson English language test 150 D. The Nelson English language test is a battery consisting of 40 separate tests for each of ten levels from beginners to advanced. Each test consists of 50 items. The tests are designed for a 30 (60%) pass mark. Its reliability was calculated through KR-21 in the pilot study, and it was .82. The validity was also confirmed by three competent experts in this field
In order to specify the word items for the third phase of the experiment (i.e., learning phase), the word frequency method was adopted. According to Nation and Waring (1997) there should be a clear and sensible goal for vocabulary learning. Frequency information provides a rational basis for making sure that learners get the best return for their vocabulary learning effort. Vocabulary learning frequency lists which take account of range have an important role to play in curriculum design and in setting learning goals. Thus, a vocabulary level test of 50 word items was administered to assess learners' original knowledge of words and to prevent the inclusion of words which learners were familiar with in the learning phase of the experiment. The words for the vocabulary level test were selected from Bauman's General Service List (GSL) which consists of 2284 words. One word from every 40 words was selected, starting from the 40 th word (40 2203 more) to 2000 th word (15 2000 scenery) (See appendix A). The Bauman's GSL is based on the Brown's corpus which contains 1000,000 words in Bauman's GSL. Beside every word there are two numbers, the first one indicates the order of the word on the list made on the frequency of words in Brown's corpus and the other number indicates the frequency of occurrence of the word in Brown's corpus. Since interchange books are taught in this language institute, the vocabulary lists at the end of the yellow and red interchange books (i.e., introductory and pre-intermediate books) (Hully, Proctor, & Richards, 2005) were checked too; to discourage the application of words which learners have already learned from these books. When learners completed the vocabulary level test it became clear that nearly all the learners were familiar with words up to the word 'absolute' (1280 62 absolute). Therefore, 20 word items for the third phase of learning were selected from 1500 th 'wisdom' (1500 44 wisdom) onward (See appendix B). For each word, the following two types of representation were made:
Type 1-represents the English word, its pronunciation, part of speech and the Persian meaning of the word.
Type 2-represents the materials shown in type 1 plus the pictorial and written annotations (i.e., a sentence).
To enhance the result, all the sentences for type 2 were selected from the Longman Dictionary of Contemporary English. Examples of two different representation types, for the word 'hut' are shown in figure 2. With regard to the background questionnaire, an open-ended questionnaire was prepared to make it possible for learners to express their thoughts and ideas without any limitations. The questions in this questionnaire were those ones which helped the researchers in conducting the subsequent phases of the study. Also, this procedure led to the indirect omission of 3 from the final list of analysis.
Since the objective in this study was to work out a server-side solution and develop user-friendly system presenting the materials in compatibility with PDAs, a software package for conducting STM ability, recognition and recall tests and delivery of materials was designed. The installation procedure, its different parts, and how to use it are all described along with the software CD.
Concerning visual and verbal STM abilities, 40 questions were prepared to test the learners' visual and verbal ability, that is, 20 questions were prepared for testing the learners' visual ability and 20 questions for testing the learners' verbal abilities. The basis of visual and verbal STM tests was the model which was proposed by Chen, C. M., Lee, and Chen, Y. (2005) . As reported, personalized service is important on the Internet, especially in web-based learning. Generally, most personalized systems consider learner preferences, interests, and browsing behaviors in providing personalized services. However, learner ability is usually neglected as an important factor in implementing personalization mechanisms. So, they proposed a personalized e-learning system based on Item Response Theory (PEL-IRT), which considers both course material difficulty and learner ability to provide individual learning paths for learners. Figure 3 illustrates the proposed system architecture, which can be divided into two main parts according to system operation procedures, that is front-end and back-end parts. The front-end part manages communication with learners and records learner behavior. Meanwhile, the back-end part aims to analyze learner ability and select appropriate course materials for learners based on the estimated learner ability. Finally, since recognition and recall tests are often used to examine learner's vocabulary knowledge (Jones, 2004) , 20 recognition questions and 20 recall questions were prepared for testing the learners' vocabulary learning. Although the framework for making recognition and recall tests was like the one extracted from the study was done by Chen, N.-S. et al. (2008) , the reliability of our test was calculated through Kuder-Richardson which was .81.
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3. Procedure
The main procedure for this study consisting four phases took place in the language laboratory of the institute. Phase I: Introduction. In this phase, all the details and objectives of the experiment were explained. Then, the background questionnaire was distributed among the learners to complete. As mentioned before, this questionnaire was intended to exclude those unwilling to learn vocabulary through the devised method. Phase II: STM ability test. Each learner was assigned a computer for STM test. First, they took part in a visual STM ability test. Then, they participated in verbal STM test. Each question in these two tests (i.e., verbal and visual) comprised two subparts. Regarding the visual section of the test initially a picture was displayed for eight seconds; then a question was asked about the pictures. The learners were given six seconds to answer the question. Concerning the verbal test, first, a sentence was displayed for eight seconds then a question addressing the sentence was asked; the learners had to answer in six seconds (See appendix C). Afterwards, each learner's answers were recorded with two types of score (i.e., raw score and standard score with a mean of 0 and standard deviation 1). On the basis of their z scores of visual and verbal STM abilities, participants were divided into four groups, with 55 in group1 (G1), 28 in group 2 (G2), 48 in group 3 (G3) and 27 in group 4 (G4). In other words, if participants' visual z scores were higher than zero they were put into group 1 or group 2, if their visual z scores were lower than 0 they were put into group 3 or 4. Likewise, if participants' verbal z scores were more than 0 they were put into group 1 or group 4 and if their verbal z scores were lower than 0 they were put into group 2 or group 3. In fact the cut-off score for division of participants into four groups was the 0 of z score. Phase III: Learning new vocabularies. In this phase every participant was assigned a PDA to learn 20 new English vocabulary items. All vocabulary items were sent to their PDAs via Bluetooth. Each item was presented to learners for about 120 seconds. As the learners were not able to exit the program from the time they opened the target files until they ended the program, the researcher had full control on all the cell-phones. In order to counterbalance the effect of the order of representation, a 2×2 Latin Square (LS) design was used. According to Montgomery (1991) , one frequently uses of LS is to counterbalance the various sequences in which the level of an independent variable might take place. In LS, each of the 2 digits (i.e., 1, & 2) would appear just once in each row and column. Figure 4 shows a 2×2 Latin Square. In this research project, the first 10 words were delivered to first participant in type, that is, with no annotation and the last 10 words in type 2, that is, with pictorial and written annotations. At the same time, the second participant received the first 10 words in type 2, and the last 10 words in type 1.
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Phase IV: Testing phase. After the third phase (i.e., learning phase), learners took part in EVRR (English vocabulary recognition and recall) tests. First, they took part in recognition tests which consisted of 20 multiple-choice questions and then they participated in the recall tests which consisted of 20 questions, too (See appendix D).
Results
The recognition and recall tests were administered to assess the selected learners' learning outcome in the present study. The main question in this study addressed the effects of content delivery with and without annotations on Iranian learners. Answers to the questions are displayed as follows: Note. Recog.= recognition score, & Ave.= average score As for the first group of learners (high visual + high verbal), the analysis shows a mean of 2.2 on recognition and 1.02 on recall test for no annotation materials. In a somewhat salient manner, the results of the two tests for the same group rise to around a mean of 4.64 on recognition and a mean of 4.00 for materials with pictorial and written annotations. This shows that annotations of this kind have some bearing on the learners' short-term memory. Regarding Table 2 , the inferential statistics also revealed that the differences between no annotation vs. written and pictorial annotations remain significant (Sig.: 0.000). The second group comprising high-visual and low-verbal underperformed on the two tests with no annotation (means of 1.82 and 1.00 for recognition and recall tests, respectively), compared with written and pictorial annotation types (means of 3.29 and 1.82 for recognition and recall tests, respectively). This result is also shown to be significantly different (Sig.: .000 & Sig.: 0.001 for recognition & recall teats, respectively). 
What is clear from this finding is as follows:
· Learners with both high-visual ability and high-verbal ability, learn learning materials with written and pictorial annotations better than the types without annotations. · The delivery of materials with pictorial and written annotations to learners with high-visual but low-verbal ability results in better vocabulary learning. · The delivery of content without annotation to learners with both low-visual and low-verbal abilities results in better vocabulary learning than delivery of the type with pictorial and written annotations.
· Learners with low-visual ability but high-verbal ability learn materials with written and pictorial annotations better than those without such annotations.
Conclusion and Discussion
The results reached in this study show that although learners with high-visual ability and/or high-verbal ability, learn materials with annotations better than those without, delivery of learning materials without annotation to learners with both low-visual and low-verbal abilities results in better vocabulary learning than delivery of the type with annotations. Since finding of the present study showing that the low-verbal and low-visual learners can take advantage of the basic materials with no annotation and this substantiates the modality specificity of STM further. The finding has already been explained by Sweller (1994) . He maintains that such learners are likely to get overwhelmed in the presence of multimodal representations of contents. This explanation, referred to as CLT (Sweller, 1994) , argues that some learners with limited processing capacity, say low verbal/visual, tend to avoid the information overload by relying on the basic and single dimension of the content. However, the finding sounds a bit counterproductive if judged against the Dual-Coding theory suggested by Paivio (1986) . This latter theory upholds the idea that different modalities combined together present an optimal condition for accommodating more channels of learning simultaneously, thus increasing the likelihood of learning such materials.
Also, the results of this study support the results Chen N. -S. et al. (2008) reported, where it was demonstrated that that learners with high-verbal and high-visual abilities benefit from learning materials with written and pictorial annotations. On the other hand, learners with low-verbal and low-visual abilities learn vocabulary items which are delivered to them without annotation better than those with. Likewise, learners with high-verbal but low-visual abilities and learners with high-visual but low-verbal ability perform well on both recognition and recall tests of leaning material with both written and pictorial annotations.
Regarding to the potential of mobile devices and their affinity with the realm of teaching and learning vocabulary, it seems indispensable to go beyond that and employ them in teaching and learning other skills and sub-skills of language. Although, in this study such matters as the level of the participants and their PLP were taken into consideration, there were still a lot of issues, theories, and rules that could not be ignored. Likewise, with multimedia as the salient characteristic of mobile devices, incorporating instructional strategies and processes to enhance the principles of cognitive psychology in the design phases seems unavoidable (Kumar, 2004) .
On the whole, although the use of wireless and mobile devices are gradually increasing in the realm of pedagogy, a major limitation in the application of cell-phone for EFL learning is that in the early phases it cannot replace the common daily classes and it demands the proper conditions that at times must be met to set the ground for implementation; on the other hand, at the primary phases they could be exploited to support the learners' out-of-class practice or to be used as one of the elements of blended courses (i.e., traditional and modern manner of content delivery) (Kennedy & Levy, 2008) .
With increased popular access to information and knowledge anywhere and anytime, the role of education perhaps especially formal education is challenged and the relationships between education, society and technology are now more dynamic than ever (Traxler, 2007) . It seems suitable to go beyond using such technology in the limited environment and in the case of limited number of learners to see if purist case for mobile learning includes the idea that m-learning will support a wide variety of conceptions of teaching exists in the p sense of the word (Traxler, 2007) . Thanks to the existence of Internet connection facilities such as GPRS and Wi-Fi, it is possible to do conduct the same studies with other wireless devices as laptop computers which are treated as mobile.
